Purpose To develop a generic instrument for measuring short-term health status in the recovery period among patients undergoing abdominal and pelvic surgery. Method Instrument content was based on qualitative data ascertained from focus groups of patients and input from an expert panel of clinicians and psychometricians. A draft questionnaire was then piloted and revised, leading to the 27-item Convalescence and Recovery Evaluation (CARE). CARE consists of four individually scored domains, which were identified using factor analysis. Test-retest reliability, internal consistency, and convergent validity were assessed. Results Test-retest reliability was high, ranging from 0.78 for the activity domain to[0.88 for all others. Internal consistency varied over time postoperatively but was moderate to high for all domains throughout. Correlations between the four domains of CARE were low (each r B 0.57). Moderate agreement was evident between CARE domains and the appropriate components of validated instruments, providing convergent validity.
Introduction
Novel healthcare technologies are often introduced into clinical practice without empirical support for their use [1] . In the context of surgery, such variation from the routine can manifest as a change in technique or the use of a new device; indeed, 'there is no FDA for the surgeon' [2] . New procedures often come with a hefty price tag and highly variable results, at least during their initial adoption [3] . Although innovation may offer the promise of improved quality and efficiency [4] , the implications for the patient are potentially unknown [5] . While the effectiveness of these surgical technologies is being established, the measurement of secondary endpoints, including patientreported quality-of-life [6] , would be helpful for providing information to both patients and clinicians on the shortterm benefits and tradeoffs of their adoption.
Many surveys can provide significant insight into issues germane to specific populations or surgical procedures (i.e., the procedure-specific approach); however, their focus tends to be appropriately directed toward themes limited to the procedure of interest. For example, the Expanded Prostate Cancer Index Composite [7] focuses on diseasespecific constructs (urinary, sexual, and hormonal function and impairment) among patients treated for prostate cancer, which may not be applicable to those undergoing surgery for other indications. In contrast, generic measures of patient health have been largely insensitive to changes during surgical recovery [8] [9] [10] . Such relative equipoise among treatments, as evident in some high-profile clinical trials [8, 11, 12] , may be mistakenly interpreted as a lack of differences in convalescence. As these questionnaires were not designed explicitly for measuring postoperative recovery, they may fail to capture important constructs that ultimately result in considerable ascertainment bias. Finally, the heterogeneity of indications for abdominal and pelvic surgery has limited the development of generic measures of postoperative recovery [13] [14] [15] [16] , all of which lack construct validity and have seen little use. However, the procedure-specific approach is impractical, and the common issues facing patients undergoing abdominal surgery [17] suggest that a generic approach is possible.
For these reasons, we sought to develop a multidimensional health-related quality-of-life (HLQOL) instrument, which we termed CARE (Convalescence and Recovery Evaluation), for ascertaining health status following abdominal and pelvic surgery. The instrument is intended to be a generic measure of health status for use in the postoperative period and is designed to supplement information garnered from pertinent procedure-specific surveys. Recognizing that technology diffusion in surgery is inevitable and has, at times, unforeseen consequences [18] , the overarching purpose behind this work is to better understand the relationship between adoption of novel processes of care and patient convalescence following abdominal and pelvic surgery.
Methods

Conceptual framework
The initial design of our questionnaire was based on a conceptual framework that incorporated a review of the social science and clinical literature. We believe that recovery is grounded as a patient's perception of his or her own health prior to surgery, which establishes an internal standard. A variety of factors then mediate this standard, including prior illness, surgery, expectations, amelioration of symptoms and/or disease, and exposures to various external stimuli (e.g., a newspaper article regarding a specific medical condition) [19] [20] [21] . Divergence between the internal standard and a subject's postoperative experiences leads to the conscious development of symptoms [22, 23] that persist until recovery is complete [24] . Multiple symptoms (e.g., pain, nausea, physical impairment) of recovery are common to a broad range of surgical procedures across all disciplines [17] . Although the severity and duration of these health states are highly variable-depending on the procedure-they collectively contribute to a patient's perception of health. For the purpose of this study, we defined recovery as the period of time during which the patient has measurable and dynamic changes in health status attributable to the intervention.
Instrument design
Initial content for CARE was developed based on a thorough review of the medical and social sciences literature and our conceptual framework of postoperative recovery. Validated instruments measuring constructs thought to be pertinent to recovery were reviewed, and the investigative team adapted questions to create new items [25] . To ensure content validity, the initial items were reviewed by ten expert panelists, nine whom had a clinical understanding of the recovery process (surgeons), and six of whom had expertise in psychometrics. The questionnaire was revised to include questions measuring mental health and more explicit descriptors of the various types of functional activity assessment.
The 51-item draft was next reviewed as a component of our in-depth focus groups to provide face validity. Focus groups consisted of seven patients derived from one of three surgical disciplines (including urology, general surgery and gynecology) as a convenience sample. Focus groups were conducted by an experienced facilitator who was responsible for creating a psychological climate that encouraged a frank discussion of the issues [26] , and who ensured that these were covered systematically and completely [27] . The groups addressed five key topics, including defining the concept of recovery, characterizing the symptoms of recovery, identifying barriers to recovery, outlining the effect of recovery on other aspects of life, and timing of recovery. At the end of each session, participants reviewed a draft survey and commented on appropriateness (face and content validity), readability, and ambiguity of each item.
The questionnaire was then piloted in 50 patients who were recruited as a convenience sample from the urology, surgery and gynecology clinics. Responses from this pilot group were used to assess item interpretability, endorsement frequency, internal consistency, and initial factor loading. The preliminary psychometric properties were used to eliminate items, including those measuring emotional themes, vitality, sleep-related issues, constipating symptoms, and activity-related impairment. The revised questionnaire was then piloted in a separate group of 50 patients, recruited from the same clinics. Preliminary reliability checks and factor analyses were again conducted prior to the validation study.
Patients in both focus groups and pilot phases were provided a small monetary compensation for their time. To afford insight into the recovery process, all patients recruited to the focus and pilot groups were at least 90 days, and more than 365 days, removed from their prior abdominal and pelvic surgery. Following the pilot phase, the 27-item CARE instrument with four domains (pain, gastrointestinal, cognitive, and activity) was finalized for validation studies. The instrument and scoring instructions are available in Appendices 1 and 2, respectively.
Validation of CARE
In the validation phase, patients scheduled to undergo abdominal or pelvic surgery were recruited as a convenience sample from the urology (n = 35), general surgery (n = 29), and gynecology (n = 32) clinics at the University of Michigan. Patients were recruited within each clinic to be representative of general practice of that specialty and to reflect the breadth of complexity of procedures within the discipline (based on the judgment of the specialists within each discipline). All patients provided written informed consent and agreed to complete a battery of questionnaires, including CARE, preoperatively and at regular intervals postoperatively (weeks 1, 2, 4, 6 and 12). To avoid placing an excessive burden on patients, validated instruments used to ascertain concurrent and divergent validity were completed at discrete intervals rather than at all possible intervals. These measures included: the short form (SF)-12 [28] , an abbreviated version of the SF-36 [29] , which measures general physical and mental health (administered preoperatively, and postoperatively at weeks 4 and 12); the Postdischarge Surgical Recovery Scale (PRS) [15] , a unidimensional questionnaire designed to measure health status among surgery patients (administered preoperatively, and postoperatively at weeks 1, 2, 4, 6, and 12); the Symptom Distress Scale (SDS) [30] , a wide-ranging questionnaire consisting of items that address issues commonly facing surgical patients, including nausea, appetite, pain, bowel patterns, mobility, and appearance (administered preoperatively, and postoperatively at weeks 2 and 6). All questionnaires were self-administered and returned by mail, with the exception of the preoperative questionnaire that was completed at the time of the preoperative surgery visit. Participants were compensated for their time. Study staff provided phone reminders to assist patients in returning questionnaires at the appropriate intervals.
Statistical analyses
Exploratory factor analysis was performed using varimax rotation to identify discrete domains in CARE-pain, gastrointestinal, cognition, and activity. Response options for each item form a Likert scale, and the multi-item domain scores are transformed linearly into a 0-100 scale, which is then used to develop the composite score. In all cases, higher scores represent a better health state. Testretest correlation coefficients were measured for a sample of patients (n = 18) who were administered CARE between 12 and 14 weeks postoperatively, a period when symptomatic improvement is thought to be complete (based on the clinical judgment of the investigative team). This group was chosen using a stratified randomization method to ensure the patients within each discipline had equal representation. The internal consistency overall and for each domain was estimated using Cronbach's alpha. Pearson correlation coefficients were calculated between each domain of CARE to assess redundancy and independence. The concurrent and divergent validity of CARE were examined by calculating correlation coefficients between the domain and composite scores of CARE and those of the appropriate validated questionnaire.
All analyses were performed using computerized software (SAS, ver. 9.1.2; SAS Institute, Cary, NC). All statistical testing was two-sided, and P \ 0.05 was considered to be statistically significant. The study was approved by the Institutional Review Board at the University of Michigan. Table 1 demonstrates patient characteristics in the validation cohort (n = 96) stratified by the clinic from which they were recruited. Among patients recruited from the urology clinics, the most common procedures included radical prostatectomy for prostate cancer (n = 11), radical cystectomy and urinary diversion for bladder cancer (n = 9), and partial or radical nephrectomy for variety of indications (n = 9). Among patients recruited from the general surgery clinics, the most common procedures included bowel resections for a variety of indications (n = 14), various hernia repairs (n = 5), and adrenalectomy (n = 3). Finally, among patients recruited from the gynecology clinics the most common procedures included hysterectomy (n = 9), laparoscopy ± ablation/excision/ lysis (n = 9), myomectomy for fibroids (n = 6), and incontinence-related surgery (n = 5).
Results
Patient characteristics
All patients completed the CARE questionnaire preoperatively and at 1, 2, 4, 6, and 12 weeks postoperatively. Among the 96 patients, 74 (77.1%) completed all six packets of questionnaires, 84 (87.5%) completed at least five packets, and 89 (90.6%) completed at least three packets. Table 2 summarizes the internal consistency of the four domains and the composite score for the 96 patients in the validation cohort. For the composite, gastrointestinal, cognition, and activity scores, internal consistency was high with Cronbach's alpha[0.70 for all of the assessment periods. In contrast, the internal consistency of the pain domain ranged from moderate (Cronbach's alpha = 0.66) at postoperative week 1 to high (Cronbach's alpha = 0.84) at postoperative week 12. Ceiling and floor effects within each domain and test-retest reliability are also illustrated in Table 2 . For all domains and the composite score, testretest reliability was excellent, with intraclass correlation coefficients all above 0.70.
Reliability
Validity
Face and content validity were assessed by our expert panel and patient focus groups. The final 27 items comprising CARE represented the most highly endorsed questions measuring the constructs delineated by these groups. For example, several items were added to the questionnaire to measure cognitive ability, a construct which is measured by four items in the final instrument. A common and unexpected theme among focus group participants was the presence of a ''brain fog'' that hampered their ability to concentrate during the postoperative period. Another common complaint of the recovery process related to its adverse effects on sleeping patterns [17] . Several items were initially added to address this construct; however, during pilot testing, it became apparent that these items loaded (based on preliminary factor analysis) onto both the pain and gastrointestinal domains, suggesting that sleep issues were more reflective of these themes rather than being a unique construct.
Despite the heterogeneity of the patient population comprising the validation cohort, CARE was responsive to changes in health status over time (Fig. 1a-e) . Table 3 illustrates the intrascale correlations between CARE domains and the composite score. Through the initial phases of postoperative recovery, intrascale correlations were low with r B 0.60 through postoperative week 4 suggesting that the domains are measuring unique constructs. As recovery continues and nears completion, intrascale correlations are somewhat higher. Table 4 illustrates the relationship between the CARE composite and domain scores and those of other HRQOL measures. In the midst of recovery (postoperative week 4), the mental and physical components of the SF-12 were most highly correlated with the cognition and activity domains of CARE with r = 0.67 and r = 0.73, respectively. The PRS was highly correlated with the CARE composite score throughout the recovery period, with all r C 0.70. Further divergent validity is provided by the high inverse correlation of CARE with the SDS.
Discussion
We have developed a questionnaire for measuring postoperative convalescence that measures themes common to patients recovering from abdominal and pelvic surgery. The instrument, CARE, was prospectively validated in a diverse patient population derived from surgical disciplines that perform a variety of procedures, ranging from laparoscopy to open surgery, and is therefore applicable to a significant proportion of patients undergoing surgery. CARE assesses convalescence in four domains that are common to the wide spectrum of indications for abdominal and pelvic surgery, including pain-related issues, activity, gastrointestinal issues, and cognition. The instrument is intended to be a generic survey of surgical recovery and is designed to supplement procedure-specific instruments for ascertaining health status after surgery. Further, the benefits or tradeoffs in recovery that are associated with perturbations in perioperative processes must be weighed against the ultimate success of the procedure based on its indications. In these contexts, CARE can be used to provide information to both clinicians and patients on the recovery period following abdominal and pelvic surgery. The robust psychometrics observed in the validation phase, particularly in predictive validity, supports its role for measuring health status following abdominal and pelvic surgery. First, test-retest reliability was outstanding, with an intraclass correlation coefficient of 0.94 for the composite score. Second, despite the heterogeneity of the patient population, internal consistency was generally high for all of the time periods studied. Third, the review of questionnaire content by experts and patient focus groups The importance of patient-reported health status is well recognized as a facet of healthcare quality [6] and is a valuable means for quantitatively measuring the implications of technology adoption for the patient, whoin many cases-typically judges the effectiveness of a surgical procedure by whether it improves his/her qualityof-life [31] . Unfortunately, there has been little work in this realm, and few validated questionnaires exist [13] [14] [15] [16] . Some lack potentially relevant content (e.g., items pertaining to cognition) [15, 16] ; others use a relatively short frame of reference (at the current time [15] to within the past 24 h [14] ) that may be too sensitive to within-patient variation, thereby limiting test-retest reliability. Finally, uni-dimensional questionnaires [13, 15, 16] do not adequately account for the inherent heterogeneity of patients undergoing surgery. As garnered from our focus group interviews and other qualitative work [17] , convalescence is multi-faceted and perceived as a series of milestones, which varies by procedure and perhaps with modifications of surgical technique. Thus, uni-dimensional questionnaires may average out changes in health status across conceptual domains, thereby masking true differences in recovery. For these reasons, available measures of convalescence have not been widely adopted and thus have not established construct validity. However, there is a clear need for short-term health assessment after abdominal and pelvic surgery. A recent high-profile study comparing quality-of-life outcomes for laparoscopic and conventional colectomy reported minimal differences [8] . While true differences may indeed not exist, a plausible alternative is that the survey measure, in this case the SDS [30] , was insensitive to the actual changes in health status. This has led some to favor more disease-specific [32] , the lack of a similar sensitivity for other procedures [8] [9] [10] limits their widespread use. Thus, CARE, which was designed to measure constructs common to all patients after abdominal and pelvic surgery, has the potential to fill the present void in assessing health status after abdominal and pelvic procedures. Surgery represents a considerable component of the total financial outlay for health care in the USA [33] . The implementation of new and unproven devices and techniques accounts for a portion of this investment [34] . In some circumstances, disease-specific benefits (e.g., better potency rates after robotic prostatectomy compared to retropubic prostatectomy) are not widely evident, and the promises of the new technology are ill-defined or of unclear value (e.g., a device that makes a procedure technically easier for the surgeon). The roll-out of new devices and techniques typically comes at both a financial and opportunity cost to the patient, with the severity of the latter dictated by the consequences of the 'learning curve' [18] . For example, the rapid diffusion of laparoscopic cholecystectomy in the early 1990s [35] offered dramatic convalescence benefits for many, yet ultimately resulted in nearly a threefold increase in biliary tract injuries [1] , an unanticipated consequence.
CARE provides a reliable and valid means of quantitatively measuring these effects and also allows the investigator to assess the relative value (or cost) of perioperative processes of care to patient health status postoperatively. Further, CARE can provide quantitative feedback for the impact of complications on convalescence. For example, do complications after a procedure using a new technology abrogate all or part of its promised health benefits? Clearly, this information may temper the enthusiasm for a particular surgical innovation and, more importantly, would provide patients and physicians with highly relevant information for decision-making.
Though we have demonstrated CARE's robust psychometrics, these data should be interpreted with a few limitations in mind. First, our prospective validation cohort was comprised of 96 patients derived from a single institution. Although patients were recruited from three different surgical disciplines, future work should continue to evaluate the responsiveness of CARE to additional abdominal/pelvic surgeries, technique (e.g., laparoscopic vs. conventional), and other processes (e.g., continent vs. incontinent urinary diversion after radical cystectomy, concurrent prolapse treatment at the time of incontinence surgery), thereby establishing construct validity. Second, as with other generic measures of health status, CARE is not designed to replace the disease-specific instrument entirely. For a variety of surgical conditions, there are important health states that are very specific to that procedure (e.g., erectile dysfunction after radical prostatectomy), where disease-specific questionnaires afford valuable information. In contrast, CARE has been developed to address more global themes common to all abdominal and pelvic surgery and is intended to complement procedure-and disease-specific instruments. Lastly, CARE was not validated among children, among whom many surgical procedures are also performed.
We have developed a robust, multi-dimensional questionnaire of convalescence after abdominal and pelvic surgery. CARE was intentionally developed in a diverse patient population arising from three surgical disciplines and, therefore, the sample sizes of those undergoing individual procedures are small. While the psychometrics of CARE are promising and suggestive of its usefulness as a means to assess recovery after surgery, further work in larger cohorts is necessary to better understand its construct validity. Our questionnaire addresses gastrointestinal-, pain-, activity-, and cognitive-related symptoms that are common to a wide spectrum of surgeries. CARE is potentially useful for quantitatively measuring the benefits and tradeoffs of adopting new surgical technologies and techniques to patient-reported convalescence. Gastrointestinal domain
